Materials & Characterisation
Azobisisobutyronitrile (98 %), triethyl amine (TEA, > 99 %) Benzyl bromide (98 %), benzyl mercaptan (99 %), n-butyl methacrylate (99 %), ethylene glycol dimethacrylate (98 %), chloroform-d (CDCl3, 99.8 atom %), toluene-d8 (99 atom %) and anhydrous toluene (99.8 %) were purchased from Sigma Aldrich. Acetone (analytical grade), Toluene (analytical grade), Hexane (analytical grade), diethyl ether (analytical grade), ethyl acetate (analytical grade) tetrahydrofuran (THF, HPLC grade) and methanol (analytical grade) were purchased from Fisher Scientific. Potassium ethyl xanthogenate (98 %) and n-butyl amine (99 %) were purchased from Alfa Aesar. All goods were used as received.
Nuclear magnetic resonance (NMR) spectrometry was conducted using a Bruker Avance spectrometer and was measured at 400 MHz and 100 MHz for 1 H and 13 C nuclei, respectively. NMR spectra were obtained in CDCl3 and toluene-d8 containing tetramethylsilane (TMS) which was used as an internal standard for both 1 H and 13 C spectra. Chemical shifts (δ) are reported in parts per million (ppm). Ultraviolet-visible spectroscopy (UV-Vis) was conducted using a Thermo Scientific NanoDrop 2000c spectrometer monitoring the absorption at λ max = 287 nm operating in cuvette mode. The instrument was calibrated by measuring background absorbance of toluene before UV-Vis measurements were taken. Triple detection gel permeation chromatography (GPC) was performed using a Malvern Viscotek instrument equipped with a GPCmax VE2001 auto-sampler, two Viscotek T6000 columns (and a guard column), a refractive index (RI) detector VE3580 and a 270 Dual Detector (light scattering and viscometer) with a mobile phase of THF containing 2 v/v % of triethylamine and a flow-rate of 1 mL min -1 .
Experimental

Synthesis of S-benzyl O-ethyl carbonodithioate (BzXan)
Potassium ethyl xanthogenate (9.37 g, 58.5 mmol) and acetone (100 mL) were added to a round bottom flask equipped with a magnetic stirrer bar. Benzyl bromide (5.00 g, 29.2 mmol) was dissolved in acetone (50 mL) and the solution was then added dropwise to the round bottom flask via a pressure equalising dropping funnel at ambient temperature. After 24h acetone was removed in vacuo, the crude product extracted with diethyl ether (3 x 100 mL) and dried in vacuo. The product was purified by silica gel column chromatography using hexane as the mobile phase (Rf = 0.20) to yield S-benzyl O-ethyl carbondithioate (BzXan) as a yellow oil (4.95 g, 78%). 1 H NMR (400 MHz, CDCl3) δ 7.32 (m, 5H), 4.63 (q, 2H), 4.35 (s, 2H), 1.39 (s, 3H).
13 C NMR (100 MHz, CDCl3) δ 214. 03, 135.76, 129.13, 128.67, 127.61, 70.10, 40.48, 13.85 
Model Study of Xanthate Deprotection
Benzyl xanthate (2.00 g, 9.40 mmol) and anhydrous toluene (5.00 mL) were added to a round bottom flask equipped with a magnetic stirrer bar. n-butyl amine (1.13 mL, 11.3 mmol) was added and the reaction was allowed to proceed at ambient temperature. After 2h the reaction mixture was dried in-vacuo and the crude product was purified by silica gel column chromatography using hexane as the mobile phase (Rf = 0.26). The fractions were collected and dried in-vacuo at 40 ° C and the product was obtained as a clear oil (910 mg, 78% 
Study of Xanthate Deprotection Kinetics by 1 H NMR
Benzyl Xanthate (100 mg, 0.471 mmol) along with toluene-d8 (4.00 mL) was added to a glass vial equipped with a magnetic stirrer bar under a N2 atmosphere. The reaction mixture (600 μL) was transferred to an NMR tube and analysed by 1 H NMR (400 MHz, toluene-d8). The reaction mixture was returned to the glass vial, n-butyl amine (51 μL, 0.515 mmol) was added and the solution was left under magnetic stirring. After 60 seconds the reaction mixture (600 μL) was transferred to a clean NMR tube and analysed by 1 H NMR (400 MHz, toluene-d8) at set time intervals over 180 minutes. The rate of deprotection was monitored by comparing the intensity of the xanthate chemical shift (4.18ppm) with respect to the solvent residual peak (2.36ppm, normalised 100H), acting as an internal standard ( Figure S7 , Table S1 ). The percent of xanthate remaining at each time point was calculated according to equation S1.
Equation S1 -Calculation of the percentage of xanthate remaining at time point, t, by 1 H NMR (400 MHz, Toluene-d8). Calculations were made for chemical shifts at 4.18 ppm and 4.35 ppm following normalisation of the internal reference (Toluene residual solvent peak, 2.36 pm). 
Polymerisations of n-Butyl methacrylate
In all polymerisations, the BMA monomer was degassed by gentle bubbling of dry N2 for 60 minutes prior to use. Polymer characterisation was conducted by 1 H NMR (400 MHz, CDCl3) and triple detection size exclusion chromatography (TD-SEC). In all polymerisations monomer conversion was calculated by analysis of the crude reaction mixture after 16h by 1 H NMR.
Synthesis of Poly(nButyl Methacrylate) by Conventional Free Radical Polymerisation
BMA (2.00g, 14.1 mmol), AIBN (23.2 mg, 0.141 mmol) and anhydrous toluene (2.33 mL) were added to a round bottom flask equipped with a magnetic stirrer bar. The solution was degassed for a further 15 minutes by gentle bubbling with dry N2. The reaction flask was then sealed and placed in an oil bath, pre-heated at 80 ° C and the reaction was allowed to proceed for 16h. The reaction was stopped by removal of the flask from the oil bath thus preventing further thermal decomposition of AIBN. At this point a sample was withdrawn and diluted in CDCl3 for calculation of monomer conversion by 1 H NMR ( Figure S10 , Equations S2 + S3). The crude reaction mixture was dried under reduced pressure and purified by precipitation (twice) from a minimal amount of THF into cold methanol (-80 ° C). The purified polymer was dried in vacuo at 40 ° C and characterised by 1 H NMR and TD-SEC.
Polymerisations were also attempted in the presence of EGDMA (15 mol % w.r.t BMA) under identical conditions. In all cases a solid gel was obtained within 60 minutes of polymerisation and the reaction was aborted. Monomer conversion could not be obtained due to the insolubility of the gel. Figure S11 , calculation S4). The reaction flask was then sealed and placed in an oil bath, pre-heated at 80 °C and the reaction was allowed to proceed for 16h. The reaction was stopped by removal from the oil bath thus preventing further thermal decomposition of AIBN. At this point a sample was withdrawn and diluted in CDCl3 for calculation of monomer conversion by 1 H NMR. The crude reaction mixture was dried under reduced pressure and purified by precipitation (twice) from a minimal amount of THF into cold methanol (-80 ° C). The purified polymer was dried in vacuo at 40 °C and characterised by 1 H NMR ( Figure S12 , Equation S5 ) and TD-SEC. Figure S13 , calculation S5). The reaction flask was then sealed and placed in an oil bath, pre-heated at 80 °C and the reaction was allowed to proceed for 16h. The reaction was stopped by removal from the oil bath thus preventing further thermal decomposition of AIBN. At this point a sample was withdrawn and diluted in CDCl3 for calculation of monomer conversion by 1 H NMR. The crude reaction mixture was dried under reduced pressure and purified by precipitation (twice) from a minimal amount of THF into cold methanol (-80 ° C). The purified polymer was dried in vacuo at 40 °C and characterised by 1 H NMR and TD-SEC. 
Synthesis of Linear Poly(nButyl Methacrylate) by Free Radical Polymerisation Mediated by a CTA Generated by in-situ Xanthate Deprotection
BzXan (498 mg, 2.34 mmol) and anhydrous toluene (500 μL) were added to a round bottom flask purged under N2, equipped with a magnetic stirrer bar. n-Butyl amine (278 μL, 2.81 mmol) was added to the flask and the reaction was allowed to proceed at ambient temperature for 2h. BMA (2.00 g, 14.1 mmol), AIBN (23.2 mg, 0.141 mmol) and anhydrous toluene (2.65 mL) were added to a glass vial and purged under gentle bubbling of dry N2 for 30 minutes and the solution was then transferred to the round bottom flask under N2. Once the solution was homogeneous a sample was withdrawn (~50 μL) and diluted in CDCl3 for determination of [M]0 / [S]0 by 1 H NMR. The reaction flask was then sealed and placed in an oil bath, preheated at 80 °C. After 16h the reaction flask was removed from the oil bath and a sample was withdrawn (~50 μL) and diluted in CDCl3 for determination of monomer conversion by 1 H NMR. The crude reaction mixture was dried under reduced pressure and purified by precipitation (twice) from a minimal amount of THF into cold methanol (-80 °C). The purified polymer was dried in vacuo at 40 °C and characterised by 1 H NMR and TD-SEC. 
Synthesis of Branched Poly(nButyl Methacrylate) by Free Radical Polymerisation Mediated by a CTA Generated by in-situ Xanthate Deprotection
BzXan (498 mg, 2.34 mmol) and anhydrous toluene (500 μL) were added to a round bottom flask purged under N2, equipped with a magnetic stirrer bar. n-Butyl amine (278 μL, 2.81 mmol) was added to the flask and the reaction was allowed to proceed at ambient temperature for 2h. BMA (2.00 g, 14.1 mmol), EGDMA (419 mg, 2.12 mmol), AIBN (23.2 mg, 0.141 mmol) and anhydrous toluene (2.72 mL) were added to a glass vial and purged under a gentle bubbling of dry N2 for 30 minutes and the solution was then transferred to the round bottom flask under N2. Once the solution was homogeneous a sample was withdrawn (~50 μL) and diluted in CDCl3 for determination of [M] Table S4 & S5. 
